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ABSTRACT A comparison of cause specific standarised mortality ratios (SMRs) and proportionate mortality ratios (PMRs) or proportionate cancer mortality ratios (PCMRs) was made based on the mortality experience of a cohort of 34 156 members of a heavy equipment operators union. Two types of PMRs or PCMRs were used in the comparison: those based on all deaths and those based on deaths known to the union only. The comparison indicated that, for the entire cohort, both types of PMRs were poor indicators for cancer risk and produced a large number of false positives. On the other hand, PCMRs appeared to be better than PMRs for assessing the direction of site specific cancer risk, but they tended to overstate the magnitude of risk. Analysis by duration of union membership or latency indicated that PMRs or PCMRs based on deaths known to the union tended to overestimate the risk of lung cancer by disproportionately larger amounts in groups with shorter time than in groups with longer time. This differential bias had the net effect of reducing the gradient of any trend or eliminating the trend entirely. In conclusion, PMR or PCMR, based on reasonably sufficient death ascertainment, has a certain usefulness in generating hypotheses, but they are not useful or reliable in measuring the magnitude of risk or in detecting trends in dose response analysis. No conclusion should be drawn from either PMR or PCMR.
Two measures of mortality commonly used in occupational epidemiological studies are the proportionate mortality ratio (PMR) and the standardised mortality ratio (SMR). The PMR examines the pattern of mortality by proportion due to a specific cause. It gives no information as to whether overall or cause specific mortality rates are high or low. As such, the PMR does not necessarily measure risk. The SMR compares mortality rates from each cause with a standard population. Because it deals with the actual rates, the SMR measures risk and is usually more informative. It requires, however, considerable knowledge (number, age) of the population under study. The PMR requires no data other than the age, sex, and cause of death of the known dead. For instance, a recent National Cancer Institute-Oil, Chemical and Atomic Workers International Union (NCI-OCAW) study' used only active union members' deaths, so that there were practically no deaths from heart disease or chronic obstructive lung disease. Inevitably, that deficit, through the seesaw effect, will create a relatively high PMR for other diseases, including some rapidly lethal cancers. It is difficult to refute or confirm the associations inferred without proceeding to much more extensive research.
More recently, in an attempt to overcome partially the seesaw effect proportionate cancer mortality ratio (PCMR) based on cancer deaths has been proposed. The rationale for using PCMR is that the healthy worker effect has minimal impact on cancers.
Given that union based PMR or PCMR studies will continue, it is important to evaluate the validity of using these PMRs or PCMRs for risk assessment. A 1983 article in the British Journal of Industrial Medicine examined empirically the bias associated with SMRs and PMRs based only on employers' records. '7 In that study, however, some of the groups examined were relatively small. In the present report we have compared cause specific SMRs and PMRs/PCMRs in a cohort of some 34 000 members of a heavy equipment operators union. The objective of the study was to determine the concordance (or lack of it) between cause specific SMRs and several types of PMRs or PCMRs based on complete death ascertainment, as well as on deaths known to the union only. Based on these results, the validity of using PMRs or PCMRs based only on deaths known to the union in risk assessment was evaluated. Comparison of SMR, PMR, and PCMR in union members potentially exposed to diesel exhaust Furthermore, evaluation of PMRs or PCMRs based on deaths known to the union was of particular interest, since these deaths were readily available for this type of analysis. As such, we label the 2448 deaths identified through the union records as "union deaths" and all deaths identified by the union, the fund, and SSA as "total deaths." We will compare PMRs and PCMRs based on these two sets of deaths with the conventionalal SMRs based on all deaths in the entire cohort. Table 3 shows the distributions of deaths by union membership status at time of death among the union deaths and the total deaths. As expected, the union deaths were primarily among retired and active members. The union identified 88-3% of deaths in the retirees and 85-3% in the active members. Because it provides death benefits and because members promoted to supervisory positions retain membership and benefits, the union probably has a more complete knowledge of deaths among retirees than many other unions. On the other hand, but as expected, only 31-5% of deaths amonst the separated members were known to the union. Table 4 shows the distribution of deaths by duration of union membership and information source. The union deaths appear to have a slightly longer duration of membership-that is, deaths of long term union members were more likely to be known to the union. The percentage of union death ascertainment increased with increasing duration of membership.
METHODOLOGICAL ISSUES
The measure commonly used in a prospective mortality study is the SMR. The SMR, a particular measure of relative risk, is the ratio of the mortality rate of an exposed cohort to the mortality rate of an unexposed control group, adjusted (by the indirect method) for age, race, and other confounding variables. It can be shown that SMR is also the ratio of observed deaths to expected deaths based on the indirect adjustment.
In many cases the population at risk cannot be defined because of either inadequate records or limited resources. The number of deaths in a certain group is known, however, and death certificates are available. Although a rate (hence SMR) cannot be The foundation of a proportionate mortality analysis is the ratio of deaths from a specific cause of interest to deaths from some large collection of causes, the latter quantity termed the "base. " The usual practice is to use all deaths as the base. In occupational studies, however, the study group is usually suspected, a priori, to have a lower overall death rate than the general population (the "healthy worker effect") and thus the usual PMRs using gen- Perhaps one of the most important features of a PMR/PCMR study is the quality (in terms of the completeness of the set of deaths being studied) of data on which it is based. In occupational studies the total set of deaths that occur among all people who were ever employed in the industry being studied In the original study duration of union membership was used as a surrogate measure of duration of potential exposure to diesel exhaust emissions. Cause specific SMRs by duration of union membership for the entire cohort have been reported elsewhere.'8 Based on SMRs, no obvious trend was detected for any site specific cancer, except for cancer of the lung. Table 6 summarises the comparison of trends in lung cancer mortality by duration of union membership based on SMR, total PMR, union PMR, total PCMR, and union PCMR. For cancer of the lung, SMR started at 45-3 for under five years of membership, increased to 73-8 for five to nine years, reached 107-5 for 10-14 years, and remained at that level thereafter. A similar trend was observed for lung cancer based on total PMRs; however, the magnitude of the PMR at each interval was slightly higher than the corresponding SMR. On the other hand, there was no apparent trend for lung cancer according to union PMRs or union PCMRs. The disappearance of the trend was due to differential overestimation of risk by duration of union membership. Thus PMRs and PCMRs were confounded by duration of union membership. Perhaps this was, in turn, the result of an increased death It has been suggested that PMRs based on union deaths among long term members are less,biased. '3 In the present study we found that the overestimate of risk by PMR was somewhat inversely proportional to the duration of union membership. Table 7 , however, shows that PMRs (particularly those based on union deaths only) with a fairly long membership-for instance, 20 or more years-were still unsatisfactory as a substitute or surrogate for SMR because of the false positives (digestive cancer, lung cancer, accidents).
ANALYSIS BY LATENCY
Cause specific SMRs by latency (<10, 10-19, ¢20 years) for the entire cohort have been presented elsewhere."8 For all causes, although the SMRs in all three latent periods were significantly less than 100, there was an upward trend with increasing latency (SMR = 71-4, 79.5, 84-1). This observation probably reflected the diminishing healthy worker effect. 2' 22 Upward trends were also evident for all Comparison of SMR, PMR, and PCMR in union members potentially exposed to diesel exhaust cancers, cancer of the lung, and cancer of the skin.'8 In this report we will limit our detailed discussion to lung cancer only. For non-malignant causes of death, both the total PMRs and the union PMRs failed to detect the trend in arteriosclerotic heart disease (total PMR = 81-7, 282-2, 84-8; union PMR = 73.7, 90-0, 86.6), when compared with the trends provided by SMRs (54.7, 68-1, 71-1). For malignant respiratory disease, however, analysis of total PMRs by latency (45.7, 96-3, 118.3) did detect the trend that was found with the SMR analysis (30.4, 76-3, 100-3) . Similarly, union PMRs also detected the trend in non-malignant In the same group of union members both total PMR (151-1, p < 0.05) and union PMR (149.9, p < 0.05) gave significant false positives for cancer of large intestine (SMR = 103-5). Disagreement also existed between PMRs and SMR for cancer of the liver. Finally, for cancer of the lung, SMR was 86-0, but the corresponding total PMR was 124-7 (p < 0.05). Again, PCMRs based on either set of deaths appeared to be somewhat closer to the corresponding SMRs than did PMRs, but they were still consistently higher than the SMRs. In many cases the overestimate was sufficient to turn a deficit into an excess (cancer of pancreas, cancer of kidney, lymphosarcoma and reticulosarcoma, and leukaemia, for example).
In the high exposure group (table 11) the nonsignificant SMR of 173-4 for liver cancer was turned into significant PMR (293.8) and PCMR (264.2) based on union deaths. For cancer of the respiratory system, the deficit in SMR was turned into an excess by PMRs and PCMRs, although the excess was not statistically significant. A similar pattern was found for lymphatic and haematopoietic cancer.
Also in the high exposure group significant false positives, as indicated by total PMR and union PMR, were found for motor vehicle accidents. Table 13 PMRs of selected causes of death in active and retired workers from union records were compared with the SMRs for the entire cohort.
Clearly, there were major discrepancies. For example, analysis of union records would indicate a significant excess of all cancers for both active and retired groups, yet the total cohort analysis showed a significant deficit of all cancers. For many individual cancer sites, the magnitude of the excess was much
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